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Trends in Provision of Distal Arterial Reconstruction in Scotland
1989–1999
R. J. Holdsworth∗ and H. M. Paterson
Department of Surgery, Stirling Royal Infirmary, Livilands, Stirling, U.K.
Objectives: to establish if access to distal arterial reconstructive surgery is equally distributed within the health boards
of Scotland and to establish if any variations in practice are reflected in lower limb amputation.
Methods: a retrospective, descriptive study using hospital discharge data (Scottish Morbidity Record-1) from 1989 to
1999.
Results: the rate of distal arterial reconstruction in Scotland increased from 0.9 per 100 000 population in 1989, peaked
at 2.6 per 100 000 in 1994 and has since declined steadily to 1.6 per 100 000 in 1999. There was up to 17-fold variation
in annual rates of distal reconstruction between the 12 mainland health boards. The variations in distal reconstruction
between the health boards were not reflected in variations in amputation rate nor is the decline in distal reconstruction
easily explained by increased angioplasty.
Conclusions: rates of distal arterial reconstruction in Scotland fall well below those in other European countires. It is
likely that insufficient distal operations are undertaken to sufficiently impact on amputation rates. The study recommends
an increased provision of specialist vascular surgical expertise in Scotland.
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Introduction the inverse relationship to distal arterial sur-
gery.5,7,8,10,15,16 However, it is also apparent that an in-
In Scotland, in parallel with other European countries, creased general vascular awareness and activity also
play important roles.5,11–13,15,18,19there has been a reported gradual reduction in am-
putation rate.1 A considerable amount of evidence is Distal arterial reconstruction to the tibial and pe-
roneal arteries is now an established surgical treatmentalso accumulating that increased vascular intervention
reduces amputation. This inverse relationship has been which is usually, but not exclusively, reserved for
patients with limb-threatening or critical limb isch-demonstrated not only in specialist centres2–5 but also
in defined populations over a period of time.6–13 Para- aemia. Limb-threatening arterial disease is usually
multi-level and it has been shown that between 46doxically, the study of a trend in reduced amputation
in Scotland also reported that the highest rates of and 73% of patients will require some form of distal
surgery to salvage the limb in addition to a moreamputation were seen in the regions with the highest
rates of arterial reconstruction.1 proximal intervention.16,17,20
Given the reported reduction in Scottish amputationArterial reconstruction and amputation rates, how-
ever, may be measuring widely different aspects of rates,1 we have analysed trends in distal reconstruction
and whether any changes in amputation could bevascular surgery. On the one hand, many of the re-
constructions will be for intermittent claudication and specifically linked to distal arterial reconstruction
rates.conversely many of the amputations may be in de-
bilitated, elderly people with little prospect of re-
habilitation.6,9,14
Many of the studies that demonstrate a positive
effect of reconstruction on amputation particularly link Methods
The Information and Statistics Division of the Common
∗ Please address all correspondence to: R. J. Holdsworth, Department Services Agency of Scotland collates the Scottish Mor-of Surgery, Stirling Royal Infirmary, Livilands, Stirling, FK8 2AU,
U.K. bidity Record-1 data (SMR1). This independent data
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Table 1. Summary of the populations of Scottish Health Boardscollection is undertaken on all non-obstetric and non-
for 1989 and 1999.psychiatric NHS hospital admissions. Healthcare in
1989 1999 % changeScotland is administered by 15 health boards, twelve
for mainland areas and three for the outer islands
Ayrshire & Arran 376 400 374 600 −0.3(Western Isles, Orkney & Shetland). SMR1 data is Borders 102 800 106 400 +3.4
Argyll & Clyde 440 000 425 600 −3.2usually collected without any direct input from the
Fife 347 600 349 200 +0.4surgeons involved.
Greater Glasgow∗ 932 700 906 000 −2.9For any surgical admission, each SMR1 episode Highland 200 600 208 600 +3.9
Lanarkshire 562 200 562 400 0contains a principal surgical code (Office of Population
Grampian∗ 507 600 525 300 +3.5Census 4, OPCS4) and up to five supplementary op-
Orkney 19 300 19 600 +1.5erative codes. In addition, diagnostic coding based on Lothian∗ 747 100 778 500 +4.2
Tayside∗ 388 900 388 300 −0.2the International Classification of Diseases 10 codes
Forth Valley 272 100 277 600 +2.0(ICD10) is also recorded.
Western Isles 30 000 27 560 −8.1SMR1 operative coding data was obtained for an Dumfries & Galloway 147 100 146 800 −0.2
Shetland 22 200 22 740 +2.411-year period, 1989–1999, from the Information and
Statistics Division of the Scottish Office. Distinct codes Scotland 5 096 600 5 119 200 +0.4
are defined for tibial and peroneal artery re-
∗Designates a Health Board with a University Teaching Hospital.construction (OPCS4 codes L584-7 and L594-7). These
differ from the codes for other infra-inguinal re-
bypass grafts were performed in Scotland. There wasconstructions such as femoro-popliteal bypass, which
a steady rise in the total number of grafts undertakenfail to distinguish between above-knee and below-
from 1989, reaching a maximum in 1994, followed byknee surgery. Similarly, we obtained coding for major
a steady decline in the latter 5 years. This equates tolower-limb amputation (X091-9) and for non-iliac
rates of 0.9/100 000 population in 1989, rising to 2.6/lower limb angioplasty (L631, L638-9, L711, L718-9).
100 000 in 1994 and falling to 1.6/100 000 in 1999.Lastly, population estimates of each health board
Individual rates of reconstruction and amputation forwere obtained from the same source and used to
each year and each health board are summarised incalculate the rate of distal arterial reconstruction and
Table 2.amputation per 100 000 population per year. Due to
There was a marked variation in numbers of op-cross-boundary flow it is was necessary to analyse
erations performed between the various mainlandtreatment by place of residence. We were unable to
health boards (Fig. 1). In health board B there was aanalyse surgery by hospital of treatment because we
very high rate of access to distal surgery comparedwere unable to calculate accurate population estimates
to the other areas. Indeed, 20% of all grafts werefor the catchment area of each hospital.
undertaken on the residents of this health board inFor analysis each health board has been treated
the 11-year period. Given that reconstruction in thisanonymously. Only the 12 mainland health boards
area was so high compared to other areas, this doeshave been considered. Data for the Western Isles,
bias the overall rate of reconstruction for Scotland asOrkney and Shetland have not been analysed because
a whole. If the population of Health Board B is ex-the populations of these areas are so small (Table 1).
cluded, the mean Scottish reconstruction rate falls fromA single graft or amputation in these areas can give a
1.9 to 1.6 grafts/100 000/year.five-fold change in rate/100 000 population, creating
In the same period there was little overall changea misleading impression.
in the total number of major limb amputations under-
taken (Table 2). There was a slight rise in amputation
in the middle years of the period, with an interesting
trend to this decreasing latterly and particularly in theResults
last 2 years.
We attempted to analyse whether the rate of arterialThe populations of the Scottish health boards for 1989
and 1999 are summarised in Table 1. The population reconstruction equated to a change in the number of
infra-popliteal angioplasties. Unfortunately, there isof Scotland has remained relatively constant at 5.1
million throughout the 11-year study period. The per- no accurate code for distal angioplasty. Therefore, we
attempted to draw parallels with the rate of non-centage change in population for each area is also
indicated. Those health boards that have University femoral lower limb angioplasty but were unable to
infer any obvious trend. For brevity this data is notTeaching Hospitals are highlighted.
During the 11-year period a total of 1048 distal considered further.
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Table 2. Distal arterial reconstruction rates and amputation rates (in parentheses)/100 000 population for each year for the mainland
health boards of Scotland. The overall rates for Scotland and total numbers of grafts and amputations also include those patients
living in the outer islands.
Health Board 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Mean
A 0.7 1.4 1.4 4.1 1.4 2.7 3.4 0.7 1.4
(15.6) (12.2) (16.2) (16.9) (19.6) (16.9) (23.7) (17.6) (22.4) (14.3) (14.5) (17.7)
B 2.3 1.8 7.9 11.6 5.6 5.8 6.8 4.8 2.3 3.1 2.6 5.0
(21.3) (26.6) (22.9) (23.3) (21.3) (23.8) (22.2) (25.2) (20.1) (18.0) (12.6) (21.8)
C 0.4 2.6 2.3 2.1 0.8 1.1 1.9 0.8 1.5 1.0 2.3 1.5
(11.4) (10.2) (10.1) (8.0) (8.7) (8.8) (8.1) (8.5) (9.5) (11.2) (10.5) (9.8)
D 0.5 2.0 1.5 1.5 2.4 0.5 0.5 1.4 1.4 1.4 1.2
(20.9) (20.7) (16.2) (23.8) (24.6) (19.8) (21.1) (16.8) (16.8) (15.8) (14.9) (19.7)
E 0.9 0.3 1.1 1.7 2.3 6.3 3.1 6.0 3.2 1.7 2.3 2.6
(16.4) (22.1) (26.3) (18.3) (21.4) (18.2) (21.9) (17.7) (25.3) (22.1) (20.9) (20.6)
F 1.0 1.0 0.9 0.9 0.9 3.8 1.9 0.9
(14.6) (16.4) (9.6) (21.0) (20.9) (19.9) (17.9) (20.7) (18.8) (17.9) (15.0) (17.6)
G 2.4 0.3 1.1 0.8 0.3 0.5 0.5 1.9 1.1 1.1 0.9
(17.8) (16.7) (20.2) (14.3) (22.8) (21.0) (19.4) (18.9) (20.7) (18.4) (21.6) (19.1)
H 0.5 0.7 1.8 2.1 1.6 1.2 0.9 2.6 1.2 0.7 1.6 1.4
(19.5) (14.8) (15.5) (18.7) (21.7) (15.0) (21.3) (16.7) (15.6) (10.1) (11.3) (16.1)
I 0.6 1.1 2.2 2.0 1.1 1.3 1.2 1.5 1.2 0.4 0.6 1.2
(16.3) (14.7) (14.8) (15.4) (15.7) (14.8) (16.8) (14.7) (15.6) (15.6) (14.1) (14.1)
J 0.7 0.5 0.9 1.3 0.7 1.1 1.8 0.7 0.2 1.8 0.9
(10.7) (12.8) (10.3) (15.3) (12.6) (14.8) (18.0) (14.4) (15.3) (15.2) (14.8) (14.0)
K 1.1 1.6 1.6 2.1 1.6 1.3 1.6 2.2 1.6 1.4 2.4 1.7
(14.7) (15.9) (14.1) (13.5) (21.0) (17.1) (17.8) (12.8) (15.5) (14.3) (12.6) (15.6)
L 1.1 1.5 0.7 1.5 2.8 4.4 0.7 3.6 6.9 6.9 4.7 3.2
(19.1) (20.5) (20.9) (20.9) (21.3) (16.5) (16.1) (18.6) (13.4) (11.6) (11.9) (17.4)
Scotland 0.9 1.2 2.0 2.5 2.0 2.6 2.0 2.3 1.8 1.8 1.6 1.9
(16.1) (16.3) (15.9) (16.4) (18.4) (16.6) (17.9) (15.9) (16.6) (15.1) (14.2) (16.3)
Total number 47 57 102 126 102 133 105 118 94 91 83 –
of grafts
Number of 823 834 813 836 944 852 922 815 849 775 729 –
amputations
We have examined trends in each individual health but two health boards deserve special mention. Health
board B had uniformly the highest rate of re-boards to ascertain if local changes in reconstruction
rate were reflected by local changes in amputation. In construction in the first 8 years of the study and
simultaneously the highest amputation rate. It hasgeneral this data followed the general Scottish trend,
Fig. 1. Mean rates of distal arterial, reconstruction and amputation for 1989–1999 for each of the twelve mainland health boards of
Scotland. (Φ) Grafts; (ΕΦ) amputations.
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Table 3. Number of amputations and number of deaths following a distal bypass procedure within 1 year 1989–1996.
Health Board Number of distal Amputations within Amputations and Overall 1 year
grafts 1 year Deaths within 1 year deaths within 1 year day success rate
n % n % n % %
A 17 2 11.8 1 5.9 0 0 83.4
B 184 41 22.3 49 26.6 8 4.3 55.4
C 119 23 19.3 27 22.7 6 5.0 63.0
D 19 7 36.8 2 10.5 0 0 52.6
E 75 17 22.7 15 20.0 3 4.0 61.3
F 4 1 25.0 1 25.0 1 25.0 75.0
G 22 5 22.7 6 27.3 0 0 50.0
H 49 12 24.5 5 10.2 1 2.0 67.3
I 98 30 30.6 17 17.3 4 4.1 56.1
J 43 8 18.6 8 18.6 1 2.3 65.1
K 99 17 17.2 20 20.2 3 3.0 65.7
L 48 11 22.9 10 20.8 2 4.2 60.4
Scotland 777 174 22.4 161 20.7 29 3.7 60.6
been interesting to observe that, as distal surgery slow decline over the latter half of the same period
with quite a dramatic drop in the last 3 years.has declined in this area in the last few years, the
amputation rate has simultaneously fallen quite dra- Ideally, in this type of analysis of changing trends
in management, it is essential to know the true in-matically. In contrast in health board L, which has
noted a steady increase in distal reconstruction, with cidence of limb-threatening ischaemia. Unfortunately,
it is impossible to use the ICD10 coding system tothe highest rate in the last 3 years there has been an
overall decrease in amputation (19.1 to 11.9/100 000/ detect such patients because of the multiplicity of
diagnoses that may be included. Because manyyear) which is contemporaneous with the increase in
distal reconstruction. patients with critical ischaemia require distal arterial
reconstruction16,17,20 it is possible to suggest that re-Table 3 illustrates the overall success rate for distal
reconstruction averaged over the first 8-year period corded rates of these operations may most accurately
reflect the availability of specialist surgical practice.(data for the latter 3 years was unavailable). It can be
seen that there is a high amputation and death rate Currently, the only end measures of success of re-
constructive surgery that can be assessed on a popu-within 1 year of reconstruction and overall only 60%
of patients remained alive with a limb at that time. lation basis are amputation rate and survival.20 It has
previously been highlighted that the use of crudeAgain, there is marked variation between the health
boards, ranging from 50% to over 80%. amputation data to judge the success (or otherwise)
of interventions for peripheral vascular disease is un-
reliable.6,15,21 Amputees represent an amorphous group.
Many are diabetic, in whom infection may pre-
Discussion dominate rather than ischaemia. A few will have am-
putations for malignancy. Many, however, are the
Distal arterial reconstruction is a demanding surgical increasing elderly population who have no prospect
technique and it would be reasonable to suppose that of ambulation and are dependent on long-term res-
those centres with a particular interest in this surgery idential care.14 With an ever-increasing elderly popu-
would report their results. Therefore, some of the lation, the interpretation of amputation data should
published results from distal reconstructive surgery be regarded as a poor measure of quality and outcome
may reflect only the very best of practice.16 Unselected, of vascular surgery. It has been interesting to observe
population-based observations as used in our study that amputation has been falling despite reduced
may more accurately reflect the reality of the delivery reconstruction rates. We must acknowledge, therefore,
of current surgical practice than the selected ob- that rates of distal reconstruction and rates of am-
servations from centres of excellence. putation may be measuring different aspects of de-
The overall practice of distal arterial reconstruction livery of vascular surgery and may not necessarily be
in Scotland for an 11-year period has shown some dependent on each other.
interesting trends. The distal reconstruction rate It is possible that there exists a “lag phase” before
reached a peak in 1994 and has steadily declined. In the impact of distal arterial reconstruction upon am-
putation rates is seen. If this were the case, the declinethe same time period, amputation rate has shown a
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Table 4. Summary of data from Scotland and Finland comparing This would also suggest that the Scottish re-
mean and range of amputation and reconstruction rates per 100 000/ construction rate is particularly low. The total figureyear.
of approximately 100 grafts/year in Scotland probably
Scotland Finland indicates that insufficient distal surgery is being under-
(current study) (Luther et al.8) taken to really impact on amputation. In both Finland
Period 1989–1998 1993–1994 and Denmark the huge variation in practice is par-
Population 5.1 million 5.1 million ticularly ascribed to the introduction of specialist in-
Mean amputation rate (rate/ 16.6 21.6
situ distal surgery in certain hospitals.5,8,11,15 A study100 000/year)
Range of amputation rates 8.0–26.6 14.0–33.0 from Sweden based on a population of 1.7 million
for different areas people also emphasises that variations in amputation
Mean distal reconstruction 1.9 3.3 rate probably reflect a true variation in access to(rate/100 000/year)
Range of reconstruction rates 0.82–5.27 0.6–12.3 specialist vascular services.9 This latter study was
for different areas undertaken in a single year, which means that any
variations in amputation practice with time should be
minimal. Unfortunately, it is impossible to calculate
in amputation rates in Scotland over the past few years the overall distal reconstruction rate within this study.
may reflect the rise in distal reconstruction prior to Distal arterial reconstruction has been shown to
1994. However, the decline in amputation rates ob- be durable and cost-effective, particularly in elderly
served elsewhere in defined populations over time was people; it maintains a higher level of independent
always contemporaneous with an increase in general living and does not jeopardise future amputation level
arterial reconstruction and particularly distal sur- if it fails.14,16,22–25 We must ask, therefore, why this
gery.5,6,9,15 This trend was only observed in health board type of procedure is not more widely undertaken in
L with the highest rate of distal reconstruction in the Scotland?
last 2 years of our study. Availability of surgical time within hard-pressed
There is a considerable variation in the reported services is possibly the most obvious explanation.
amputation rates throughout Europe. A recent global Another possibility could be the perception that
study of amputation21 demonstrated that one area of patients in Scotland on the whole fare poorly with
Spain had a very low rate at 2.8/100 000/year and an these procedures. This was highlighted in Table 3. If
area of Italy 6.9/100 000/year. More northerly Euro- only 60% of the operations carry a favourable result
pean countries have much high rates, approaching at 1 year it is possible that many surgeons adopt a
20/100 000/year. “why bother?” philosophy and proceed directly to
In agreement with our own findings, population- amputation. It is also possible to suggest from Table
based studies from Finland, Denmark and Sweden 3 that those areas with better overall success rates are
have all shown up to 22-fold variations in both am- in general those with lower reconstruction rates, which
putation and reconstruction rates between different might suggest that only the most favourable candidates
geographical areas within the same country.8,9,13,15 In are being selected for surgery. Undoubtedly, previous
general, the amputation rate in Scotland is lower than experience, training and exposure to distal surgery
that quoted for other Northern European countries. would influence these attitudes.
Luther et al.8 recently published a 2-year study of In 1993 an attempt was made amongst Scottish
distal reconstruction and amputation from Finland Vascular Surgeons to reach a consensus on the role of
(Table 4). Both countries have a similar population (5.1 amputation and distal reconstruction.26 We considered
million) and a similar distribution of resources between the possibility that the recommendations of this study
teaching and non-teaching hospitals. Although the were responsible for the decline in distal reconstruction
mean Scottish amputation rate was lower than Finland since 1994. In fact, although some indications for re-
(16.6 vs 21.6/100 000/year), the mean distal re- construction and amputation were agreed, little con-
construction rate was also lower (1.9 vs 3.3/100 000/ sensus was reached specifically on the appropriateness
year). Similarly, the peak reconstruction rate for Fin- of distal reconstruction. When the clinical practice of
land was 12.3/100 000/year compared to 5.0/100 000/ those involved was compared with agreed indications,
year for Scotland. The Finnish study also strongly most of the 49% of arterial reconstructions judged as
correlated a high incidence of infra-popliteal re- “equivocal” involved distal operations. Furthermore,
construction with a low incidence of below-knee am- 24% of major amputations did not conform with agreed
putation. indications. This implies that a considerable number
A study from Viborg county in Denmark reported of those undergoing amputations would have been
considered for reconstruction in another centre.distal reconstruction rates of 8.3–10.9/100 000/year.11
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